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Executive Summary This paper considers the impact that technology has on …rms' choices over organisational form, in particular whether to produce in-house or outsource and o¤shore services, and …rms' decision over the location of activity. Technology reduces the transaction and adjustment costs of moving activity outside the …rm and of carrying out at greater geographic distance. We …nd that more technology intensive …rms purchase a greater amount of services on the market and purchase more o¤shore than less technology intensive …rms.
In particular, we consider how ICT investment a¤ects the cost of outsourcing and o¤shoring services relative to in-house production. We use UK census micro level data on …rms, at the establishment level. We focus on within industry …rm level variation. We show that ICT plays an important role in facilitating …rms' decisions over both whether to outsource and o¤shore services. A concern in European economies has been the slow uptake of ICT and how this may impact on productivity growth. Here we show that it may do so by holding back the process of fragmentation and specialisation.
Introduction
Greater competitive pressures and rapidly changing technologies mean that small and adaptable …rms are increasingly favoured by the market. 1 General purpose technologies such as information and communication technology (ICT), increase the adaptability and compatibility of many services with the needs of the purchasers of these services. Technological advances have facilitated the tradability of services, both within and across …rms and national borders. 2 Taken together these mean that …rms face increasing bene…ts from outsourcing business services.
In this paper we consider whether ICT investment is an important factor driving outsourcing and o¤shoring decisions. We consider the outsourcing and o¤shoring decisions in the context of …rms'productive behaviour, and estimate the impact of ICT using a large and nationally representative dataset at the establishment level. We consider how variation in ICT investment across …rms within an industry a¤ects the level of outsourcing and o¤shoring services. Figure 1 illustrates what we mean by outsourcing and o¤shoring. Outsourcing is the decision to make or buy, regardless of where the activity takes place (denoted by the vertical arrow). O¤shoring is about where the activity takes place, regardless of whether it is within the corporate boundary or outside it (denoted by the horizontal arrows).
[ Figure 1 here] The empirical literature on outsourcing has largely focused on speci…c industries, and exploited variation in …rm characteristics. 3 Recently, several papers have considered industry characteristics as determinants of organizational form. 4 Both strands of the literature focus mainly in outsourcing of materials. However, one of the most substantial changes in economic activity over recent years has been the substantial growth in the outsourcing of business services. 5 The structure of this paper is as follows. In the next section we discuss the …rm's outsourcing and o¤shoring decisions in the context of …rm production behaviour and our empirical speci…cation. In Section 3 we discuss our data and in Section 4 present our results. Section 5 concludes.
1 See, for instance, Milgrom and Roberts (1990) , Athey and Schmutzler (1995) and Marin and Verdier (2003) .
2 See, for instance, Feenstra (1998), Grossman and Helpman (2005) , and Antras (2003) . 3 See survey in Klein (2004) and a recent example in Baker and Hubbard (2002) . 4 See, inter alia, Antras (2003) and Acemoglu et al (2004) . 5 See, inter alia, Abramovsky, Gri¢ th and Sako (2004) and Goodman and Steadman (2002) .
3 2 Theory and empirical speci…cation
We think about a …rm's decision to outsource and o¤shore services as depending on the …rm's ICT intensity, which varies within industries. 6 Firms are cost minimising. Demand for outsourced services depends on the relative cost of producing the services in-house compared to outsourcing, which varies across …rms according to the …rm's investment in ICT. The result is that some …rms outsource more than others. 7 We assume that the demand for business services S by a …rm in an industry is a …xed proportion of the total output produced by the …rm, i.e. S = Y . This implies that business services are a perfect complement of the …rms'main activities and, hence, that demand for business services does not depend on the prices of inputs used to produce the …rm's main product. The assumption of …xed proportions seems reasonable for business services, many of which are ancillary to the …rms main activities (for example, accounting, recruitment and legal services). Our interest is in how past ICT investments a¤ect the …rm's decision over whether to purchase these services on the market, versus make in-house. Total business services are made up of in-house services (S 1 ) and outsourced services (S 2 ). A cost minimising …rm will choose S 1 and S 2 such that it minimizes the cost of S. Denote the unit cost of producing each of these as c 1 and c 2 respectively. The expenditure share of outsourced services will be a function of these relative costs and the …rm's output.
What is the nature of the costs c 1 and c 2 ? These may di¤er from each other and across …rms. The cost of producing inhouse will depend on factors such as the productivity level, age and size of the …rm. We assume that the cost of outsourcing is given by c 2i = p 2 u i , where p 2i is the market price of the service and u i 0 is a …rm-speci…c cost of outsourcing, which will re ‡ect: (a) adjustment costs -a service produced by a third party may only imperfectly match the purchasers'needs compared to an in-house service that is perfectly customized; (b) transaction costs -given asset speci…city and incomplete contracts u i there is a cost to the market transaction; 8 (c) the costs of monitoring and writing contracts mediated by the market; and …nally, (d) search costs for …nding the best supplier. 9 We don't observe c 1 or c 2 . We conjecture that a …rms'ICT investment de-6 Recent work on modelling outsourcing and o¤shoring decisions has focused on the role of technology in a¤ecting the cost of outsourcing. See, inter alia, Helpman (2002, 2005) and Antras and Helpman (2004) .
7 See Marin and Verdier (2005) , Antras and Helpman (2004) and Bartel, Lach and Sicherman (2005) for studies that look at within industry determinants of organizational form. 8 See, for instance, Williamson (1996) and Hart (1995) . Also, Joskow (2003) for a review. 9 See Grossman and Helpman (2005) . 4 creases u i by more than it decreases c 1i . ICT is characterised by its compatibility with general skills, which can be transferred easily across …rms, and so decreases the degree of speci…city of the transaction. ICT is also expected to reduce directly the transaction and search costs. Hence, we expect that …rms that have invested more heavily in ICT will have a lower relative cost of outsourced services and a greater expenditure in outsourcing services. We assume that the relative price of services, p 1i =p 2i , is constant across …rms within narrowly de…ned industries and so is captured by industry …xed e¤ects. From this we derived our empirical speci…cation as:
We are also interested in the location decision of where outsourced services are produced. Conditional on outsourcing, does the …rm purchase from abroad and how does ICT a¤ect this decision? We consider this as a discrete decision and estimate the probability that a …rm purchases from abroad using a probit model. Analogous to the discussion above, we expect ICT to be also important in lowering search, transaction and adjustment costs of importing services.
Data
We use establishment (line of business) level data from the ABI-ARD. This contains information on the bulk of economic activity located in the UK and is collected by the O¢ ce of National Statistics. 10 Response is mandatory. Information on inputs and output is collected from a random strati…ed sample of …rms at the line of business (4-digit industry) level. We use data on all private sector establishments for the years 2001 and 2002. 11 Firms are asked to report expenditure on a number of speci…c services which can be produced in house or purchased on the market. These include road transport services, telecommunications, computer services, professional and surveyors services, legal services, payments to employment agencies and hiring of plant and machinery. We use these purchases as a measure of outsourcing of business services. 12 Firms are also asked to report total expenditure on imported services. 1 0 See Barnes and Martin (2002) and Gri¢ th (1999) for a description of the data. Agriculture and the …nancial sector are not included. 1 1 These are currently the only years when ICT investment is available. 1 2 Firms can purchase services from themselves (insourcing). We checked how important this was by looking at some speci…c services where we could identify the industry they were produced in. We then looked at whether the …rm was also a producer of the purchased product. This was only the case in a very small proportion of …rms, so we do not believe that this is driving our results.
We measure an establishment's ICT intensity using data on: (i) investment in software, and (ii) whether they use the internet to order goods or services. Investment in software includes investment in purchased computer software and in computer software developed by the establishment's own sta¤. We scale this by total output of the establishment. 13 Table 1 shows descriptive statistics of the proportion of …rms that invest in ICT, the intensity of investment, and how many …rms use the internet to order goods or services. It also shows some descriptive statistics on purchases and imports of business services. Business services represent around 13% of total output (though there is substantial variation between industries and even more within industries, not shown). Around 6.5% of …rms import some business services (these account for around 1% of total services). These also vary substantially both across sectors and across …rms. The table also shows some further descriptive statistics of …rm and estatablishment characteristics.
[ Table 1 here] 4 Empirical results
Outsourcing
We start by looking at the outsourcing decision and estimating (1). The main coe¢ cients of interest in Table 2 are those on ICT and use of internet. 14 In the …rst column we include an indicator of whether an establishment uses the internet. The estimate suggests that establishments that use the internet outsource about 10.6% more that those that do not. A major concern is with the endogeneity of the ICT variables. Firms that anticipate outsourcing may invest more in ICT. We use two forms of exogenous variation in the price of ICT and using the internet, which will give us independent variation in these variables. These are a tax credit that the UK government introduced in 2000 for small …rms investments in ICT, and regional variation in internet infrastructure, measured by the proportion of households with home access to the internet. We use the discontinuity in eligiblity for the tax credit -only …rms with fewer than 250 employees were eligible -to identify this from a …rm size e¤ect. Column (2) shows the results when we instrument internet usage. They suggest that the OLS coe¢ cients are downward biased. This is somewhat puzzling, as we would expect upward bias, but may re ‡ect measurement error. The tests statistics at the bottom of the table suggest that the instruments are valid, and have some explanatory power, though the low value of the partial R 2 suggests that the instruments do not have that much explanatory power. The coe¢ cient on the internet use dummy is an elasticity. It suggests that a 1% increase in the proportion of …rms using the internet would lead to a 2% increase in the level of outsourcing.
In column (3) we use the variable tech, which is the sum of ICT and internet usage (it equals 1 if the …rm does either and 2 if it does both), and in column (4) we show the results for instrumenting tech.
[ Table 2 here]
O¤shoring
We now turn to look at whether ICT a¤ects establishments'decision to purchase business services o¤shore. Table 3 shows marginal e¤ects from a probit model for whether an establishment imports any business services. In column (1) we include an indicator of whether the establishment uses the internet to order goods or services. We see that using the internet increases the probablity of purchasing o¤shore by around 2%. To control for endogeneity in column (2) we include a control function, 15 which again, puzzlingly, indicates negative bias in the OLS estimates. The coe¢ cient increases to 12%. In column (3) we use the variable tech and in column (4) we instrument tech. The results suggests that either investing in ICT or using the internet increases the probability of a …rm o¤shoring by around 6%, and that doing both increases it by around 12%.
[ Table 3 here]
Conclusions
In this paper we consider how ICT investment a¤ects the cost of outsourcing and o¤shoring services relative to in-house production. We focus on within industry …rm level variation. We show that ICT plays an important role in facilitating …rms decisions over both whether to outsource and o¤shore services.
A concern in European economies has been the slow uptake of ICT 16 and how this may impact on productivity growth. ICT investment in the UK is around 
